An Electron Cyclotron Resonance (ECR) heavy-ion source is under construction at the LBL 88-Inch Cyclotron. This source will produce very high charge state heavy ions, such as o8+ and ArW2+, which will increase cyclotron energies by a factor of 2-4, up to A = 80. It is a two-stage source using room temperature coils, a permanent magnet sextuipole, and a 6-9 GHz microwave system. Desiqn features include adjustable first to second staqe plasma coupling, a variable second stage mirror ratio, high conductance radial pumpino of the second stage, and a beam diagnostic system. A remotely movable extraction electrode will optimize extraction efficiency. The project includes construction of a transport line and improvernents to the cyclotron axial injection system. The construction period is expected to be two years.
Introduction
To increase significantly the heavy-ion beam energies of the 88-Inch Cyclotron, a project to construct an Electron Cyclotron Resonance (ECR) ion source is under way. The ECR ion source wlill be capable of stripping heavy ions to higher charge states than can currently be achieved using the internal heavy-ion PIG source. The maximum energy of a heavy-ion beam from the cyclotron increases as the ion charge state squared, so the ECR ion source is a cost-effective method for improving the cyclotron's performance. In June 1982 the decision to construct an ECR ion source was made after careful evaluation of the results of the EBIS R and 0 program at LBL1 and of ECR ion sources developed in Europe. Basically the high duty factor, high intensity beams from the ECR source are better natched to the nuclear physics experiments using the cyclotron than the somewhat lower intensity, lower duty factor, higher charge state beams from EBIS. The successful developmen-t of compact room-temperature ECR sources in Grenoble by Geller and his associates in the past sever-al yearst led us to adoot the general features of his design for our source. The extractor can be moved along the axis to maximize the current from the ECR source. The extractor will be operated in an accel-decel mode. The injector and mainstage will operate at a positive potential between 5 and 20 kV. The first extraction element will operate at a negative potential between 0 and -5 kV, and the second element will operate at ground potential. The combination of variable extractor position and variable accel-decel voltage will be used to optimize beam intensity and emittance.
The axial field, summarized in Table 1 , is produced by two sets of four coils in the mainstage and one set of three coils in the injector. The coils are tape-wound copper pancakes with water jackets between the coils for cooling. The shape of the axial field can be tuned by adjusting the currents to each coil.
The sextupole magnet is designed with an open configuration to allow for radial pumping of the mainstage.5 The design of the sextupoles represents a compromise between the desire to have a strong, ideal sextupole field out to large radius and the need for sufficient pumping conductance between the sextupole members. To optimize the design of the sextupole, calculations were done based on the multipole expansion for rare earth cobalt magnets suggested by Halbach.6 The dimensions and field strengths of the sextupole are summarized in Table 1. for the two orientations. Figures 3c and 3d illustrate that at the higher frequency where the axial field is stronger the flux lines are better contained by the field produced by the radial orientation. This difference is due to the non-ideal sextupole field near the inner radius of the sextupole magnet. With the radial orientation, flux lines end on the pole faces where Bmag is larger than between the pole pieces, where the flux lines go with tangential orientation of the sextupole elements.
Present plans are to use a 6.4 GHz 3.3 kW klystron in the mainstage of the source. A 9.2 GHz 1 kW klystron already on hand will be used during the early testing stages and may later be used in the injector stage. The choice of 6.4 GHz is based mainly on the availability of a commercial klystron and power supply package. During the testing phase of the LBL ECR the source performance at 6.4 and 9.2 GHz can be compared at least up to the 1 kW power limit of the 9.2 GHz source. Driving the mainstage of the ECR at two distinct frequencies simultaneously is also possible. This would mean there would be two nested resonance surfaces and the electrons could adsorb energy as they passed through each zone. Plots of "good" flux lines at the symmetry plane of the mainstage of the ECR source. The mirror ratio of the axial magnetic field is 1.5 in all four cases of this figure. In 3a and 3b the axial field maxima are 0.25 T and in 3c and 3d they are 0.40 T corresponding to operating frequencies of 6.4 GHz and 10.4 GHz, respectively. The sextupole strength is the same in all four cases of the figure. The only difference in sextupole f ield is that in 3a and 3c the magnetization is oriented radially and in 3b and 3d it is oriented azimuthally. BP is the beam rigidity. We wish to place one of the minima at the median plane to avoid emittance increase in the beam injected into the cyclotron. Figure 4c shows the increase in maximum transverse divergence as the beam enters the hole lens, caused by the transfer of longitudinal to transverse energy. The beam envelope undergoes periodic oscillations in the hole field, as shown in Fig. 4d . This is due to particles having helical trajectories passing through the axis. The minimum at the median plane is a good match to acceptance requirements of the cyclotron center region.
